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Summary
Background: Persons of lower socio-economic status are at higher risk of disease, 
especially with respect to severe and chronic illnesses. To date, there have not been 
any studies with large case numbers regarding acute medical emergencies in this 
population. 
Methods: In a retrospective study, data were obtained on all cases treated by emergen-
cy physicians in Bochum, Germany, in 2014/2015, including the diagnoses that were 
made by the emergency physicians. There were a total of 16 767 cases. The local 
 unemployment rate was taken as an indicator of the socioeconomic situation of a 
neighborhood; it was defined as the percentage of registered unemployed persons 
among persons aged 15 to 64 with their domicile in the neighborhood. 12 168 cases 
were grouped by emergency medical diagnosis and analyzed with respect to the three 
most heavily represented diagnostic categories (cardiovascular, neurological, and 
 pulmonary emergencies), which accounted for nearly two-thirds of all diagnoses. 
Results: The overall rates of deployment involving emergency physicians were 
found to be positively correlated with the unemployment rate. After adjustment for 
age, sex, and possible confounders, this correlation was statistically significant 
(p<0.01). The indirectly standardized rate ratio (IRR) for the overall case-activity rate 
ranged from 0.841 (95% confidence interval: [0.808; 0.875]) with less than 5% 
 unemployment to 1.212 [1.168; 1.256] with 9.5% unemployment or higher. The 
same finding was obtained with respect to diagnosis-specific case activity in each of 
the three main diagnostic categories (cardiovascular, neurological, and pulmonary 
emergencies), as well as for the respective commonest individual diagnoses (acute 
coronary syndrome/circulatory arrest [1498 cases], transient ischemic attack/
ischemic stroke/intracerebral hemorrhage [1274 cases], and asthma/chronic 
 obstructive pulmonary disease [663 cases]). 
Conclusion: This study shows that the case-activity rate of the emergency medical 
services is significantly higher in socially disadvantaged neighborhoods, both with 
respect to total numbers and with respect to individual diseases. It demonstrates a 
problem affecting society as a whole, which should be taken into account in the 
 organization of medical rescue services.
Cite this as: 
Hanefeld C, Haschemi A, Lampert T, Trampisch HJ, Mügge A, Miebach J,  Kloppe C, 
Klaaßen-Mielke R: Social gradients in myocardial infarction and stroke diagnoses 
in emergency medicine—an analysis of socioeconomic regional disparities in a 
 German city. Dtsch Arztebl Int 2018; 115: 41–8. DOI: 10.3238/arztebl.2018.0041
T he rescue services form the basis of emergency medical care for the German population and thus represent a cornerstone of health care in 
this country (1, 2). The system ensures that qualified 
and well-equipped medical personnel arrive at the 
accident site within a defined time (3). The number 
of calls answered by the German emergency rescue 
services has risen constantly in recent years. A total 
of 10 317 910 deployments were registered in the 
years 2000/2001, but by 2012/2013 the figure for the 
same period of time was 12 014 442 (4). The reasons 
for this increase are many and varied, and have been 
the subject of numerous analyses and discussions (5). 
Part of the growth can undoubtedly be explained by 
changes in disease incidence, accident patterns, and 
patient spectrum and requirements (6).
The number of people living in socially disadvan-
taged circumstances has risen sharply over the past 20 
years. One of the markers for this trend is the proportion 
of the population who are poor or threatened by 
 poverty, now up to 14%. The group of people that have 
no savings or are in debt has also grown in this period, 
as has the proportion of workers with short-term 
contracts and low pay (Federal Ministry of Labor and 
Social Affairs [7]). Furthermore, these disadvantages 
are clustered in particular population segments, regions, 
and urban districts.
The tendency for persons with low socioeconomic 
status to be at greater risk of illness applies particularly 
to serious diseases that often require long-term care, 
such as coronary heart disease, diabetes mellitus, 
chronic bronchitis, and many types of cancer (8, 9). The 
same is true for depression, anxiety disorders, and other 
mental illnesses, as well as for accidental injuries and 
functional limitations in performance of daily activities 
(10, 11).
Alongside an unhealthy lifestyle—typically little 
exercise, high calorie intake and imbalanced diet, 
smoking, and alcohol consumption—greater stresses 
and risks in the workplace, at home, in the family and 
among friends may well be responsible for the higher 
risk of sickness and early death (12, 13).
Ideally, composition effects and context effects 
are differentiated when explaining regional differ-
ences in health (14). Composition effects arise from 
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differences among populations, e.g., in age structure, 
sex distribution, or socioeconomic status. Context 
effects are rooted in characteristics of the region 
itself that may act independently of the composition 
of the population. This may encompass factors such 
as the regional infrastructure with regard to trans-
port, shops, and health care, the quality of available 
housing, and also stress caused by the environment, 
criminal activity, and so on. However, differentiation 
of the two types of effects tends to be theoretical, as 
in real life composition and context often interact. 
High-status members of the population move to 
better-appointed areas or bring about an improve-
ment in the facilities and infrastructure of previously 
disadvantaged urban districts or regions (15).
Against this backdrop, we set out to investigate 
the socioeconomic regional variation in deployment 
of emergency physicians in Bochum, a city in the 
Ruhr Valley. All initial diagnoses by emergency 
physicians in Bochum in 2014 and 2015 were in-
cluded, this being the most recent 2-year period for 
which complete data were available. The three 
groups of most commonly occurring principal 
 diagnoses, namely cardiovascular, neurological, and 
pulmonary disease, were evaluated separately. 
 Furthermore, the specific diagnoses acute coronary 
syndrome/cardiocirculatory arrest, transient 
ischemic attack (TIA)/insult/intracerebral bleeding 
(ICB), and asthma/exacerbated chronic obstructive 
pulmonary disease (COPD) were analyzed. Around 
two thirds of all deployments were accounted for by 
the three above-mentioned groups of principal diag-
noses.
In order to be  able to demonstrate socioeconomic 
regional variation, the data were analyzed by district 
and the 30 districts making up the city of Bochum 
were divided into five socioeconomic groups accord-
ing to unemployment rate (percentage of population 
receiving unemployment benefit I).
Method
Data acquisition
This retrospective study embraces all emergency 
 phy sician deployments in Bochum documented in 
emergency rescue service records between 1 January 
2014 and 31 December 2015. Deployments of 
 physicians from the out-of-hours service of the regional 
Association of Statutory Health Insurance Physicians 
were not included.
FIGURE
Distribution of unemployment in Bochum 
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The documentation followed the stipulations of the 
German Interdisciplinary Association for Intensive Care 
and Emergency Medicine (Deutsche Interdisziplinäre 
Vereinigung für Intensiv- und Notfallmedizin, DIVI) and 
contained the following data: 
● The patient’s name, address, and date of birth
● Deployment number and call-out keyword
● Site of deployment and transport destination
● Times (call-out, transfer, and end of deployment)
● Employee number(s) of emergency service per-
sonnel for identification
● Initial findings (Glasgow Coma Scale [GCS], 
blood pressure, heart rate, blood sugar, respiratory 
rate, Oxygen saturation, ECG findings, in-
formation on breathing, mental state, and injuries)
● Reason for call-out/initial diagnosis
● Changes during the deployment
● Interventions, transfer, result. 
Sex, date of birth, address, and suspected 
 diagnoses, among other deployment-related data, 
were filtered out of the paper documentation and en-
tered into an external, password-protected database 
in the form of an Excel spreadsheet (Microsoft 
 Office 365, Excel 2013). The urban district could 
be assigned retrospectively on the basis of the 
 address.
In each of the 30 districts of Bochum, the unem-
ployment rate (proportion of population aged 15 to 64 
years with principal residence in Bochum registered 
as unemployed), as published by Bochum City Coun-
cil (16), was used as indicator of the socioeconomic 
situation.
Other available indicators showed high correlation 
(see “Limitations”) and are therefore not reported 
here.
The study was approved by the ethics committee of 
the University of Bochum (registration number 
16–5828-BR).
Inclusion criteria
A total of 16 767 rescue service deployments involving 
an emergency physician took place in 2014 and 2015. 
We included only those deployments for which com-
plete data were available, allowing identification of the 
site and thus the urban district. This was the case for 
16 503 deployments (98.4% of the total). 
TABLE 1 
Emergency physician deployments in Bochum in 2014/2015: case numbers and characteristics of persons involved by socioeconomic status 
(unemployment rate in urban district of residence)
COPD, chronic obstructive pulmonary disease; ICB, intracerebral bleeding; IOR, interquartile range; TIA, transitory ischemic attack 
Deployments 2014/2015







  Cardiovascular disease n (%)
  Neurological disease n (%)
  Pulmonary disease n (%)
  Metabolic, hormonal, and nutritional 
 disorders n (%)
  Surgical disease n (%)
  Psychiatric disease n (%)
  (Pre-)final status n (%)
  Unspecified/other/unknown n (%)
Individual diagnoses (selected)
  Acute coronary syndrome/ 
cardiocirculatory arrest n (%)
  TIA/insult/ICB n (%)
  Asthma/COPD n (%)
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Call-outs in which the deployment site did not 
 correspond to the district of residence were excluded 
from analysis. Only for persons attended in their 
home district could a (indirect) conclusion regarding 
socioeconomic status be drawn, based on the district-
level aggregation of data. This reduced the number of 
evaluable deployments to 12 198. 
In another 30 deployments the age or sex of the 
person attended had not been documented. These 
cases too had to be excluded, as they would have 
hampered geographical comparability with regard to 
socioeconomic circumstances. Therefore, 12 168 de-
ployments (72.6% of the total) remained for analysis 
(eTable 1).
Analysis and statistics
The 30 urban districts were pragmatically divided into 
quintiles according to unemployment rate (indicator for 
local socioeconomic circumstances), resulting in five 
classes each containing six districts. Altogether, the rate 
of unemployment ranged from 2.4 to 12.6% (Figure). 
To describe the persons attended in the course of the 
emergency medical deployments, qualitative variables 
were expressed in terms of absolute frequencies (n) and 
percentages (%), quantitative variables by median and 
interquartile range (IQR). The chi-square and 
 Kruskal–Wallis tests were used to uncover differences 
among the socioeconomic classes. Correlations were 
determined using Pearson’s correlation coefficient. For 
each socioeconomic class we calculated crude deploy-
ment rates (per year and 1000 inhabitants) and exact 
95% confidence intervals according to Clopper and 
Pearson.
The crude deployment rates were indirectly 
 standardized by age and sex in order to obtain data 
that were independent of age and sex structure and 
therefore comparable (17). To this end, the expected 
number of deployments was calculated on the basis of 
the number of observed deployments in the socioeco-
nomic classes, under the assumption that the age and 
sex distributions would correspond to those for the 
city of Bochum as a whole (standard population). 
The ratio of expected to observed values was deter-
mined. This parameter is called the indirect rate ratio 
(IRR). Values under 1 are classified as below average 
and values over 1 as above average in comparison 
with the deployment rates in a population with the sex 
and age distribution of Bochum as a whole. Asymp-
totic 95% confidence intervals were also calculated 
(17). 
A Cochran–Armitage test for trend was used to verify 
the hypothesis that lower socioeconomic status in a given 
urban district is associated with a higher deployment rate 
(18). The general level of significance was set at 5%.
The deployments were grouped according to initial 
diagnosis, and analyses of the three largest major 
groups (cardiovascular, neurological, and pulmonary 
diseases) (Table 1) were carried out. 
Furthermore, the same calculations were per -
formed for the most frequently recorded suspected 
TABLE 2 
Emergency physician deployments in Bochum in 2014/2015: deployment rates per year and 1000 inhabitants overall and 
by emergency physician’s diagnosis (disease groups and most frequently assigned diagnoses)
CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICB, intracerebral bleeding; TIA, transitory ischemic attack
Deployments 2014/2015 
Deployments (including excluded call-outs)
Deployments overall
Disease group
 Cardiovascular disease 
 Neurological disease 
 Pulmonary disease 
 Metabolic, hormonal, and nutritional disorders 
 Surgical disease 
 Psychiatric disease 
 (Pre-)final status 
 Unspecified/other/unknown 
Individual diagnoses (selected)
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 diagnosis in each of these three major groups. For the 
cardiovascular, neurological, and pulmonary emergen-
cies these were, respectively, acute coronary syndrome/
cardiocirculatory arrest, TIA/insult/ICB, and asthma 
attack/exacerbated COPD.
The software package SAS (SAS Institute Inc., 
Cary, NC, USA; version 9.4) was used for all calcu-
lations.
Results
A total of 12 168 deployments were included in our 
analyses. The patients’ overall median age was 74 years 
(range 58 to 83). Altogether, approximately equal 
numbers of men and women were involved (49.1% 
 versus 50.9%). The proportion of call-outs for women 
varied from 49.7% to 53.1% among the different 
 socioeconomic classes, and the median age also showed 
a trend towards association with the socioeconomic 
status of the residential district.
Overall, 7.7% of deployments involved an injury, 
 resuscitation was carried out in 3.7% of call-outs, 
and in 85.1% of cases the patient was transported 
to the hospital. Only the median age differed signifi-
cantly  between socioeconomic classes (p<0.01) 
(Table 1).
The total of 16 767 emergency physician deploy-
ments corresponded to 22.94 [22.46; 23.43] per year 
and 1000 inhabitants. For the included cases, the de-
ployment rate per year and 1000 inhabitants was 
16.65 [16.24; 17.07]. For cardiovascular disease the 
rate was 5.23 [5.00; 5.47], for neurological disease 
3.21 [3.03; 3.40], and for pulmonary disease 1.90 
[1.76; 2.05] (Table 2). 
The IRR showed consistent findings (Figure, Table 3): 
For all deployments, the IRR was 0.841 for an 
 unemployment rate of under 5%, rising to 1.212 for an 
unemployment rate of 9.5% or more. For cardio -
vascular disease the rate increased from 0.864 to 
1.189 (acute coronary syndrome and cardiocirculatory 
arrest: from 0.903 to 1.179). For neurological 
 disease the IRR rose from 0.835 to 1.247 with 
 increasing unemployment rate (TIA/insult/ICB: from 
0.890 to 1.122). Finally, the same trend was seen for 
pulmonary disease, where the IRR rose from 0.819 to 
1.231 (asthma attack and exacerbated COPD: from 
0.708 to 1.299) (Table 4).
Lower socioeconomic status in a given district thus 
goes together with more frequent call-out of the 
emergency services. This trend was consistently 
 significant (p<0.01).
TABLE 3 
Emergency physician deployments and socioeconomic status (unemployment rate in urban district) overall and for 
 cardiovascular, neurological, and pulmonary disease*
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Discussion
Our aim in carrying out this study was to ascertain 
to what extent the number of emergency physician 
deployments is associated with the socioeconomic 
circumstances prevailing in the residential area 
 involved.
We found that the number of deployments rises 
 significantly with increasing unemployment rate. This 
observation supports the impressions reported by 
 individual emergency physicians and rescue service per-
sonnel that they are more often called out to socially dis-
advantaged areas. The literature contains only a small 
number of studies on the association between consump-
tion of emergency medical services and socioeconomic 
structures (19). Indeed, there are no data at all for the past 
10 years in Germany. Moreover, the existing earlier 
studies mainly had low case numbers. To our knowledge, 
no social structure–related analysis of the link between 
social status and individual disease groups and diagnoses 
has yet been carried out.
A social structure atlas of Berlin (2003) shows that the 
overall number of deployments of emergency services 
(with or without involvement of an emergency 
 phy sician) is higher in districts with unfavorable social 
circumstances. No detailed analysis of emergencies or 
areas of residence was carried out (20).
In a study published in 2002, Luiz et al. (21) analyzed 
2576 deployments of emergency physicians in the Ger-
man city of Kaiserslautern in 1997. They found a close 
correlation between call-outs in a given area and persons 
who were receiving assistance with living costs accord-
ing to the Federal Social Assistance Act. Moreover, 
 psychiatric emergencies occurred significantly more 
often in persons whose medical insurance contributions 
were paid by the social welfare office. Our study did not 
demonstrate a connection between psychiatric emergen-
cies and social status (Table 1).
In another German city, Münster, Engel et al. (22) 
analyzed the 2293 emergency physician deployments in 
the year 2006 to compare the four districts with the 
 highest and the four districts with the lowest socioeco-
nomic status, as determined by rates of unemployment 
and social assistance. The number of call-outs was 
 significantly higher in the socially disadvantaged dis-
tricts.
The comparability of our survey with the above-
 mentioned investigations is limited: the studies by both 
Luiz et al. (21) and Engel et al. (22) differ from the 
 Bochum data with respect to number of inhabitants, 
population density, and structural characteristics. 
At the time of investigation, Bochum had 365 406 
 inhabitants, compared with 272 000 in Münster and 
108 866 in Kaiserslautern. The population density in 
 Bochum, Münster, and Kaiserslautern was, respectively, 
2504, 963, and 778 inhabitants per km2. There were also 
differences in transport distances, hospital locations, and 
emergency service procedures, and some aspects of the 
emergency service system have seen fundamental 
changes in the past 10 to 20 years. Furthermore, the 
 unemployment rates at the time of investigation differed 
widely: 10.1% in Bochum, 8.4% in Münster, and 17.7% 
in Kaiserslautern (23).
TABLE 4
Emergency physician deployments and socioeconomic status (unemployment rate in urban district) for the diagnoses 
acute coronary syndrome/cardiocirculatory arrest, TIA/insult/ICB, and asthma attack/exacerbated COPD
* Age- and sex-standardized indirect rate ratio (IRR) and 95% confidence interval (CI)  
COPD, chronic obstructive pulmonary disease; ICB, intracerebral bleeding; TIA, transitory ischemic attack
Diagnosis
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The annual rate of deployment of emergency 
 phy sicians in the study period differed, sometimes con-
siderably (22.9/1000 inhabitants in Bochum, 16.9/1000 
inhabitants in Münster, wide variation from 12.9 to 
33.7/1000 inhabitants in Kaiserslautern. Within Ger-
many the rate of deployment involving an emergency 
physician varies according to settlement and regional 
structure (in rural areas 38.7/1000 inhabitants, in more 
densely populated areas 29.7/1000 inhabitants, recently 
increasing year on year (Federal Highway Research 
 Institute). The national average rate of deployment in-
volving an emergency physician in 2012 was 
32.3/1000 inhabitants (4).
Despite the fundamental differences in study design, 
all three studies point to increased deployment of 
 emergency physicians in socially disadvantaged areas.
Limitations
In order to draw conclusions about social differ-
ences, we needed socioeconomic regional indicators. 
Information about the individual patients (education 
level, occupational status, or income) was not 
 available, and the area of residence is not a reliable 
pointer to social circumstances at the individual 
level.
We therefore used the unemployment rate as an indi-
cator of the socioeconomic structure of a given urban 
district. Luiz et al. (21) and Engel et al. (22) also 
 included recipients of unemployment benefit II, social 
assistance (Social Code, Book II), or a basic provision 
(§§ 41 ff. Social Code, Book XII) on grounds of age or 
reduced earning capacity, but we chose not to consider 
these factors because of their very high correlation with 
the unemployment rate (r = 0.982 [p<0.01]). Indicators 
available at district level, such as proportion of immi-
grants or proportion of pupils who switch from a lower-
level high school to a Gymnasium (a high school that 
educates its pupils to university entrance level) (16) 
also correlate closely with the unemployment rate 
(r = 0.716; p<0.01 and r = –0.782; p<0.01, respec -
tively) and were therefore not considered.
The part that might be played by potentially socio -
economically driven variation in mobility of the pa-
tients could not be examined. However, the proportion 
of included cases is noticeably low in the class of 
 districts with the highest unemployment rate (65.9% 
versus 72.6% overall). Strikingly, the highest deploy-
ment rates were nevertheless found here (not standard-
ized) (eTable 2). 
This study was based on the suspected diagnoses 
as documented by emergency physicians. Unfortu-
nately, no comparison with hospital admission and 
discharge diagnoses was possible. For this reason, 
we performed an additional subgroup analysis of the 
deployments in which the patient was transported to 
the hospital, for which the presence of medical 
emergencies requiring hospital diagnosis and treat-
ment can be assumed. The results of this sensitivity 
analysis closely resembled those presented in this 
 article (eTable 3).
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5 to < 6%
6 to <7.5%
7.5 to <9.5%
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eTABLE 3
Comparison of indirect rate ratios (IRR)*
*For the included deployments (n = 12 168) and for the included deployments with transport (n = 10 361), overall and for cardiovascular, 
neurological, and pulmonary disease


























9.5% or more 
IRR  
(overall)
0.841
0.933
0.996
1.088
1.212
0.864
0.954
0.997
1.057
1.189
0.835
0.964
0.977
1.026
1.247
0.819
0.848
0.998
1.237
1.231
IRR 
(with transport)
0.839
0.937
1.005
1.079
1.206
0.860
0.949
1.001
1.067
1.189
0.841
0.965
0.968
1.017
1.256
0.815
0.839
1.024
1.224
1.225
